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PROCEDURE EMPLOYED IN ANALYZING 
PASSING PRACTICES OF 

MOTOR VEHICLES 
Reported by E. H. HOLMES, Highway Engineer-Economist, Bureau of Public Roads 

development in this country, there has been con- 
stant and painstaking research; in fact, it may be 

said with practical certainty that only by intensive 
research has such rapid development been possible. 
The efforts of the many agencies studying their indi- 
vidual problems have been coordinated, and the results 
of their work integrated, evaluated, and made available 
to the benefit of all engaged in such activity. But, 
through force of necessity, the engineers have devoted 
by far the greater portion of their efforts to the develop- 
ment of a satisfactory structure. First, it was neces- 
sary to determine the most suitable combinations of 
available materials to provide a structure physically 
capable of supporting the loads imposed by the traffic 
using it, over a base frequently changing in its support- 
ing power through changes in climatic conditions. 

With advances in knowledge of the use of available 
materials, attention was directed to the refinement of 
these materials and to the development of others to 
provide even stronger and more durable surfaces. With 
the development in the uses of materials came improve- 
ment in the processes of their combination, and of their 
application and manipulation in the field to decrease 
the cost of those most generally used and to make 
available for general use those previously impracticable. 

During all this development in technique and theory, 
little attention was given to the alinement of the high- 
way other than to adhere to standards which all too 
frequently were quite arbitrarily defined. Grades 
generally were limited to a certain percent and curves 
to a fixed degree, but too often local conditions were 
accepted as adequate reasons for disregarding the 
general limitations. From the beginning, economy of 
construction was a major factor in the choice of grade 
and alinement. Calling upon the experience of years 
of railroad practice, highway engineers balanced cut 
and fill, and introduced waste and borrow as necessary 
to provide an alinement cheapest to follow within the 
limits of the standards adopted. 

Consideration of such factors as sight distance and 
superelevation, for example, was, and generally still is, 
on the basis of single vehicles. Limits were based on 
the distance required for a vehicle to stop from a given 
speed or on the superelevation required for a vehicle to 
negotiate given curves at given speeds. It is true that 
vehicles have been studied in quantity, as well as indi- 
vidually, but such studies have been confined to their 
total number and their classification as a justification 
for certain types of surfacing, or to their dimensions and 
weights for information on the required structural 
strength of the surfaces. Even up to the present time, 
there has been no concerted, intelligently directed effort 
to determine the effectiveness of the highway in per- 
forming one of its most important functions, that of 
permitting the safe and expeditious movement of 
traffic. 

Railroad design did not contemplate the promiscuous 
passing of vehicles moving in the same direction. 

116172—39 

"| evelopment in the entire course of highway Fast-moving trains pass slower freights or passenger 
trains at scheduled times and at predetermined places, 
not at the particular time chosen as advisable or 
expedient by the engineer, and passing sidings can be 
constructed where the topography and other features 
indicate they are the most economical. But there is 
no justification for building, for example, a three-lane 
road, perfectly designed as to economy of construction, 
if its alinement is such that traffic must be restricted 
to two lanes on frequently recurring hillerests or 
curves. In providing opportunity for passing only 
where the topography is especially suitable, the road 
does not fulfill the demands of the traffic which justi- 
fied it. In short, past research has been largely di- 
rected toward the economy of construction, and there 
is ample evidence that in too many instances con- 
centration on this factor has been at the expense of 
the economy of alinement, as measured by the effec- 
tiveness of the completed highway as a medium of 
economical transportation. 

FIELD STUDY OF PASSING PRACTICES NECESSARY 

In the future, research in materials and in the 
methods of their placement must be continued, but 
much more emphasis must be placed on this necessary 
analysis of the effectiveness of the highways built. 
In fact, it is likely that highway research of the future 
will be concentrated on the design of alinement, grades, 
and widths of particular routes, and on the relationship 
of entire highway systems to the needs of the public, 
as well as upon the design of the surfaces themselves. 
In this future analysis work, there must be constant 
improvement of existing methods of traffic analysis, 
and the development of entirely new methods for 
studying the new problems which will be presented. 

Coincident with this development of methods, there 
will be required the design and development of instru- 
mentation to make possible the gathering in the field 
of the data required by these various analysis methods. 
In the future, it will not be sufficient to confine the 
analysis of the movement of traffic to the movement 
of individual units of the traffic stream. A sufficient 
analysis must be broad enough in its scope to include 
all vehicles using the highway. It may be considered 
a problem of dynamics in which it is necessary not 
only to study the movement of the individual units of 
the traffic stream, but also to determine how the 
movement of these units is affected by the external 
forces within and without the stream itself. 

Of course, in the actual analysis of this whole problem, 
the approach must be by small, independent, yei 
related investigations. Two separate studies bearing 
on the problem are now being conducted by the Bureau 
of Public Roads.! A study of the speed and spacing 
of vehicles has enabled conclusions to be drawn as to 
the normal habits of drivers under various traffic 
conditions and to develop indices to measure when, in 

1 Preliminary reports of these studies will be published in the February 1939 issue 
of PuBLIC RoaDs. 
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their normal driving over present highways, drivers 
become aware of traffic congestion. 

In another study, analysis is being made of the per- 
formance of motortrucks. Since trucks constitute a 
known portion of highway traffic, results of this study 
can be utilized in conjunction with the findings of 
studies of the normal habits of all drivers. It will be 
possible to determine not only reasonable performance 
factors for these vehicles, but also the effect slow-moving 
vehicles have when they are found in varying per- 
centages in the traffic stream. Still another study 
deals with the transverse placement of vehicles on the 
highway. By means of electrical instruments the 
position of each vehicle is automatically recorded as it 
passes a given point, while speed meters, now in the 
process of development, will simultaneously record the 
speeds. Only by a coordination of such studies can 
standards be evolved that will result in the greatest 
latitude in the design of the highway and of the vehicle 
consistent with the free movement of traffic. 

FicurE 1.—Oner Serr or GrapuHic RECORDERS, AND MastTEeR 
Crock UsED TO SYNCHRONIZE ALL S1x RECORDERS. 

Still another study in this series of closely related 
investigations is an analysis of passing practices. 
Studies of passing distances, both by analytical and 
experimental methods, have frequently been under- 
taken, and their results have been useful. Yet it is 
believed that none of these studies, generally confined 
to the mechanics of passings, has been sufficiently 
exhaustive in its nature to answer all the questions the 
highway designer should ask. It is not difficult to 
determine the distance required for one vehicle to pass 
another under various conditions of speeds of the two 
vehicles, but the results are of little value unless the 
frequency of concurrence of passings at various speeds 
is also known. Similarly, it is of little value to know 
the frequency with which such simple passings occur, if 
the majority of passings are accomplished not singly, but 
in groups. A comprehensive analysis of passing prac- 
tices must, therefore, be built around the following 
specifications as an absolute minimum: 

1. The study must be conducted in the field. 
2. The study must include only the normal traffic. 

Test drivers or test vehicles cannot be employed in 
determining normal passing practices. 

3. All the units of the traffic stream must be observed, 
and their progress recorded continuously. 

4. The section over which the study is conducted 
must be of sufficient length to permit the completion of 
any normal passing maneuver. 

5. Since observation of normal driving practice is 
required, the work must be so distributed geographically 
that all differences in driving habits are included. 

In the development of a method satisfying these 
requirements, a half-mile section of roadway was 
decided upon as a suitable length to comply with 
requirement 4. Whether it was too short or whether 
it involved unnecessary work in being too long can 
only be determined by analysis of the field data. 
Indications are, however, that this length was ample. 
It then became necessary to find a means of recording 
the progress of all vehicles as they traversed the section. 
Many methods were considered and discarded without 
trial in the field. Others, including various photo- 
eraphic means, were investigated in the field, and of 
these the method chosen involved an adaption of a type 
of equipment previously employed for highway-capac- 
ity and other studies. 

DETECTORS SPACED AT 50-FOOT INTERVALS ALONG HALF-MILE 

SECTION OF HIGHWAY 

The method required that detectors be placed in each 
traffic lane at 50-foot intervals. Each detector was 
connected by a cable to an individual pen of a graphic 
time recorder, which recorded on a strip-chart the time 
at which each passing vehicle actuated successive 
detectors in the particular lane in which it was traveling. 
Since this strip-chart moves at a constant speed, to 
determine the speed of any vehicle over any 50-foot 
section required only that the distance on the chart 
between the marks made by successive pens be scaled, 
and that this measurement be converted to speed. The 
precision of measurement of vehicle speed thus is a 
function of the chart speed. In these studies, a chart 
speed of 45 inches per minute permitted the determi- 
nation of the vehicle speed to within 2 miles per hour at 
60-mile-per-hour speeds and with correspondingly 
ereater precision at slower speeds. Over 100-foot 
sections, of course, the possible error is but half as great. 

Observation over a half-mile section required 108 
detectors, 54 for each lane of the two-lane roads, and, 
correspondingly, time recording apparatus with a 
similar number of pens. Fortunately, recording equip- 
ment ideally adapted to this purpose was available 
commercially, and experience with these particular 
instruments in previous studies by the Bureau indicated 
that they would dependably and accurately record all 
the movements required. The recording apparatus, as 
it was assembled in this study, consisted of a number of 
20-pen time recorders, normally driven by clockwork 
but which could be coupled together in pairs to form 
40-pen units, the entire units being driven by external 
electric motors to provide the fast chart feed required 
for the work. A complete recording unit is shown in 
figure 1. 

The entire half-mile of highway was divided into 
three independent sections. Within each section, the 
detectors were connected to a single 40-pen recording 
unit, thus making it desirable that the recording units 
be located at three separate points. While the two 
charts in a single unit were constantly synchronized by 
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the mechanical coupling between the two recorders, it 
was necessary to synchronize the three units by means 
of a single master clock in series with a pen in each of 
the six recorders. This clock automatically closed a 
circuit and actuated the six pens at 10-second intervals, 
while the time of day was recorded in code, by means of 
a telegraph key in the same circuit, at intervals of 2 
or 3 minutes. 

iS 

Figure 2.—Drtrecror Tust Beine Instatuep. THE TUBE IS 
CENTERED AND THE ENDS FASTENED BY SPIKES. 

The most difficult feature of the instrumentation was 
the provision of satisfactory detectors. An exhaustive 
study of available detectors revealed that none could 
be relied upon even for counting traffic, to say nothing 
of satisfying the more rigid requirements of this par- 
ticular study. Cheapness in original cost, inasmuch as 
over 100 were required, was an important item, but 
ease of handling, both ‘in installation and in transit, 
was equally essential. 

As a result of concentrated efforts in the development 
of such a detector, a design employing an air switch 
and a rubber tube was finally adopted. . The air switch 
itself was constructed from an automobile oil pressure 
unit by removing the original metal diaphragm and 
inserting in its place a sensitive diaphragm of rubber. 
To this revamped air switch was connected a rubber 
tube about three-eighths of an inch in external diameter 
to be laid across the pavement. Even the selection of 
a suitable tube involved considerable research since 
durability under traffic, resiliency, and a certain wall 
stiffness proved to be essential factors. Finally a tube 
composed of 95 percent pure gum rubber, liberally 
treated inside with tale, was adopted. As a vehicle 
passed over this tube, the air displaced by the wheels 
actuated the diaphragm and closed a circuit leading to 
the time recorders. ‘The design of the complete detect- 
ing unit is described in detail on pages 214-216. 

As the detector was adapted to use in the passing 
studies, two air switches were attached to each tube, » 
one at each end, and holes were punched through the 
walls of the tube at its midpoint. These holes effec- 
tively prevented the air impulses from passing across 
the midpoint and each air switch could, therefore, be 
actuated only by the vehicles in the traffic lane nearest 
the switch. Thus a single tube and two air switches 
served as two detectors, and permitted positive identi- 
fication. of the lateral position of all vehicles with respect 
to the lane in which they traveled. Figure 2 shows the 
rubber tube being centered on the road during installa- 
tion. 

An interesting feature of the detector was the means 
by which the electrical circuits were conducted from 
the air switches to the recorders. There were, of course, 
two leads from each air switch. The negative leads 
from the switches on the side of the road opposite the 
recording equipment were connected to a single wire 

running the length of the section and serving as a 
common return. The positive lead from each of these 
switches was returned by a wire installed inside the 
tube to the side of the road near the recording equip- 
ment, and was there incorporated in the cable leading 
to the time recorders. ‘The entire unit, including the 
tube and the two air switches enclosed in ordinary tin 
cans for protection from the weather, cost less than $4, 
and could be wound into a small coil when not in use. 
When installed at 50-foot intervals on a concrete road 
the tubes resembled expansion joints, and were barely 
visible on bituminous surfaces. 

POSITION AND SPEED OF EACH VEHICLE RECORDED 

Finally, to connect the road switches to the time 
recorders, some 50,000 feet of wire was made up into 
six cables, one cable to run in each direction from each 
recording unit. To the detectors at the ends of the 
section ran three wires, two for the positive leads and 
a common return for the negative lead to the switch 
on the near side of the road. While the common re- 
turn was tapped at each detector, two wires for the 
positive leads were added to the cable at 50-foot inter- 
vals until it consisted of 19 wires for the road switch 
circuits as it reached the recording equipment. The 
recording units were connected by four more wires that 
were incorporated in the cable. Two of these wires 
were for the circuits for the synchronizing clock, and 
two were for the telephones used in communication 
between the three units. The common returns on the 
two sides of the road were connected by a wire laid 
across the pavement. The single return wire men- 
tioned previously, with the leads accurately spaced at 
50-foot intervals, was normally laid first, pulled taut 
and spiked at both ends. By using these leads in 
spacing the detectors, it was not necessary to measure 
the sections before or during installation. 

The installation of the equipment is the most labori- 
ous feature of the field work, a minimum of 4 hours 
being required for six men to install all the equipment 
and prepare the recording units for operation. Once 
the installation is complete, the operation of the ap- 
paratus is a simple matter. With an attendant at 
each recording unit, all six recorders are started simul- 
taneously. The charts, supplied in 100-foot rolls, last 
about 25 minutes at the chart speed utilized in this 
study. After one set of charts is exhausted, new ones 
are inserted in all the recorders and again the units are 
started simultaneously, the change-over normally re- 
quiring about 3 minutes. 

During the time the charts are running through the 
recorders, the attendants record, by means of a tele- 
graph key in circuit with a special pen, the passage of 
trucks or busses. By thus classifying passing vehicles, 
it will be possible to determine whether the type of 
vehicle is in itself a factor in passing practice. 

During the preliminary work conducted during the 
fall months of 1938, it was customary to install the 
equipment on Saturday morning, and to operate it 
that afternoon and most of the daylight hours on Sun- 
day. The equipment, with the exception of the de- 
tectors, was left in place over Saturday night. By 
conducting the studies in this way, at four different 
locations in the vicinity of Washington, D. C., one of 
which is shown in figure 3, information ‘has been accu- 
mulated on approximately 2,000 passings. These data 
are now being analyzed in ‘the office. It is expected 
that analysis of a major part of the field data already 
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Figure 3.—DerEtectors In PuacE on A SecTION OF ROAD ON 
Wuticu Passinc PracricEs WERE OBSERVED. 

collected will be completed before field work is resumed 
in the summer months of 19389. 

The records of simple passings as they appear on the 
charts are not difficult to interpret, although passings 
involving several vehicles are naturally more complhi- 
cated. ‘The pens in the two recorders of each unit 
were so connected with the road switches that, as a 
vehicle travels in its own lane through the section, its 
progress is recorded on successive pens on one machine. 
As a vehicle traverses the section in the opposite direc- 
tion in its own lane, it actuates successive pens in the 
other of the two recorders. If, however, a vehicle 
moyes in the left lane, it actuates the pens in the re- 
corder connected to the switches in that lane, but in 
the reverse order, while if it straddles the center line it 
actuates similarly numbered pens in the two recorders 
simultaneously. 

Thus in a simple passing the two vehicles engaged in 
the maneuver are first recorded on the chart for the 
right lane. As the second vehicle draws left to begin 
passing, its progress is charted on both recorders while 
it straddles the center line. Soon it moves com- 
pletely into the left lane and its progress is noted only 
on the recorder for that lane, where the pens are 
actuated in reverse order. After having passed the 
first vehicle, the passing vehicle is recorded again as it 
straddles the center line in returning to its own lane; 
and finally, as it draws away from the vehicle just 
passed, it again is recorded only in the right lane. 
Meantime, the passed vehicle has been maintaining its 
course along the right lane, and the effect of the passing 
on this vehicle may readily be observed by determining 
whether it accelerated, decelerated, or continued at the 
same speed while the other vehicle passed and drew 
away. 

STUDY DETERMINES ACTUAL DRIVING PRACTICES 

Although interpretation of the field data is not diffi- 
cult, its transcription and summarization is extremely 
laborious. Analysis of two or three passings per clerk 
per day is all that is possible in view of the completeness 
of the information obtained. The figures in table 1 
were summarized from the transcribed data from two 
simple passings. 

Although some of these data will not be required in 
the immediate analysis, summarizing and tabulating 
the material in detail is essential to permit any future 
analyses that may be required. It is obvious that in 
each simple passing there are four major variables. 
Three of them—the speed of the passed vehicle, the 
speed of the passing vehicle, and the speed of the 
approaching vehicle, if any,—are independent variables 

TABLE 1.—Sample data for two simple vehicle passings 

Passing 

Item , 

| No.1 | No.2 

Speed of passed vehicle before the passing__.______ miles per hour__ 26. 2 26. 2 
Speed of passing vehicle before the passing__..____________-_- Ge el RYAN) 31.0 
Maximum speed of passed vehicle during the passing___.__-do____ 29.1 27.3. 
Maximum speed of passing vehicle during the passing______do__ 37.9 37. 9 
Speed maintained by passed vehicle after the passing_______do__ 29.6 23.5 
Speed maintained by passing vehicle after the passing______do___ 42.6 37. 9- 
Speed difference before the passing___.____-__--_-_-_________. Olen =| 5.8 4.8 
Maximum speed difference during the passing_______________ dose 8.8 10. 6 
Speed difference after the passing___.....-__-_--------__---_ dos 13.0 14,4 
Distance passing vehicle straddled center line in beginning passing 

feet__| 100 50 
Distance passing vehicle traveled entirely in left lane____._.do____| 400 200 
Distance passing vehicle straddled center line in completing passing 

feet__| 350 100 
Distance passing vehicle encroached in left lane____--___-_-- GoesssiSa0 350 
‘Time passing vehicle encroached in left lane___________-- seconds _- 15. 4 7.0 
Speed of approaching vehicle__-_--.-......-------- miles per hour_-} (‘) 34.1 
Distance between passing vehicle and vehicle approaching from the 

other direction immediately before passing_..__-_---_-_____ feet __ (‘) 792 
Distance approaching vehicle traveled during passing_._---_do____ (*) 349 
Clearance between passing and approaching vehicles at completion 

Of PASSING 2". besa P ean en eee ae eae oe eee feet_- (4) 93 

1 None involved. 

while the fourth, the dependent variable, is, of course, 
the distance required for the completion of the ma- 
neuver. In addition to these major variables, there are, 
particularly in multiple passings, a large number of 
minor variables, many of which will be significant in an 
analysis of the entire problem. 

With respect to the relative importance of the various 
phases of the analysis, it should be apparent that the 
times and distances involved i in individual passings are 
of minor importance. It is true that in the design of 
highways, distances required to pass under the various 
conditions normally encountered must be known in order 
to provide the required sight distances. These distances 
are, again, those needed in the design of the structure 
and add but little to our knowledge of the effectiveness 
of the highway in providing for the free movement 
of traffic. 

Toward the end of interpreting the effectiveness of 
the highways as a medium of transportation, however, 
it is likely that information on the time required to pass, 
rather than the distance in which the passing is com- 
pleted, will be of major significance, for it becomes 
increasingly evident that the time spacing of vehicles 
may follow some rather definite laws. Accordingly, a 
correlation between the time required to pass and the 
time spaces normally available in the opposing traffic 
lane will yield almost positive information with respect 
to highway capacity. 

But it is of far greater importance, in the uate sis of 
the entire problem of vehicular movement, to under- 
stand, rather than the elements of time and space 
involved in these individual or multiple passings, the 
actual behavior of the driving public. It is neces- 
sary to examine closely how passings are accom- 
plished and in what number they may be expected, 
whether there is a preponderance of single passings, 
as mentioned before, or whether the majority of pass- 
ings are accomplished by groups of vehicles passing 
other groups, and whether the alinement of the high- 
way itself perhaps has a greater influence on the passing 
practices than do the psychology and desires of the 
individual drivers found in normal highway traffic. 
Studies that have already been completed along these 
and other lines have indicated that this driver psychol- 
ogy plays an important part in our traffic problem. 

(Continued on page 221 ) 



A SIMPLE PORTABLE AUTOMATIC TRAFFIC 
COUNTER 

Reported by R. E. CRAIG, Junior Highway Engineer, and S. E. REYMER, Chief Scientific Aide, Bureau of Public Roads 

FicgurRE 1.—PortTaBLe Automatic TraFFic COUNTER, CONSISTING OF: Lert, Roap SwitcH AND RuBBER TuBE; MippuE, Box 
Hovsine Countine Unit AND BaTTERIES; AND RIGHT, CABLE ConneEcTING PNEUMATIC DETECTOR TO C ou NTER. 

OST of the States now engaged in the highway 
planning surveys have completed the major part 
of the field work in connection with the traffic sur- 

veys. These traffic surveys have necessarily been ex- 
tremely detailed in their nature. Not only has the 
geographical coverage been extensive but at many key 
points the traffic patterns have been intensively studied 
using data obtained by regularly repeated manual 
counts and by permanently installed automatic traffic 
recorders. Traffic has been classified by vehicle types 
on practically all roads throughout the various States 
and, on the more important highways, volume and clas- 
sification counts have been supplemented by studies of 
commodity movements, of the origin and destination of 
both passenger and commercial traffic, of the weights 
and dimensions of commercial vehicles, ‘and many other 
special localized studies. 

This information, now in the process of tabulation 
and analysis will provide knowledge necessary to a 
determination of present traffic requirements. Since 
appreciable increases in traffic volumes are a future 
probability, it is essential that traffic counts be con- 
tinued as a measure of future traffic requirements. It 
is believed that, with the exception of the material 
changes either in the volume or classification of the 
traffic in small areas because of extensive construction 
projects or significant economic changes, the general 
trends of traffic flow will remain rather uniform through- 
out a given area. Therefore, it should be possible to 
measure the increases or decreases of the total traffic 
volume by means of a relatively few counts properly 
distributed as to time and location. 

Since in a determination of changes in the general 
level of traffic flow, vehicle classification and other de- | 
tailed information become relatively less important, it 
should be possible to collect all the necessary informa- 

tion readily and cheaply by means of automatic traffic 
counters, should such machines be inexpensive and 
easily portable. The idea of employing portable count- 
ers, either of the recording or nonrecording type, is not 
new. The need for such counters has long been felt, 
and a number of agencies have experimented, some at 
the expense of considerable time and money, with the 
object of producing a suitable portable counter. 

Simple accumulating type counter—When equipment 
was first being developed by the Bureau of Public Roads 
for use in the study of motor-vehicle passing practices, 
discussed in the preceding report, no satisfactory porta- 
ble traffic counters were available, principally because 
a suitable means of detecting the passing vehicles had 
not yet been developed. The success with which the 
pneumatic detector, used in these passing studies, actu- 
ated the recording elements in the time recorders, led the 
Bureau to believe that these same or similar detectors 
might be adapted to a properly designed counting 

| mechanism to permit the construction of a low- priced, 
self-contained traffic counter. Some experimenting 
was necessary in order to determine the proper electrical 
constants to be included in a satisfactory counting 
circuit but, in the end, very few changes in the detector 
were required. 

Throughout the development work, the primary re- 
quirements were simplicity, ruggedness, portability, low 
cost, ease of installation, and ability to make an accu- 
rate count of vehicles traveling at high speeds. 

The traffic counter as now developed, shown in figure 
1, consists of an electrically operated counting unit con- 
nected by a cable to a pneumatically operated detector. 

The counting unit is comprised of an electromagnetic 
counter of the type employed as telephone call registers, 
an intermediate relay, the necessary batteries for oper- 
ating the counter and relay, and other circuit compo- 

Dili 
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Figure 2.—Tue Countine Unit, WHicw Consists OF AN ELECTROMAGNETIC COUNTER, AN INTERMEDIATE RELAY, BATTERIES FOR 
OPERATING THE COUNTER AND RELAY, AND OTHER CrrcuIT COMPONENTS. 

nents. This apparatus is housed in a metal box pro- 
vided with a hinged lid, lock, and carrying handle. The 
counter is mounted adjacent to a small window in the 
front side of the box, permitting 1t to be read from the 
exterior. 

Figure 2 is an interior view of the counting unit, 
showing the arrangement of its component parts. 

OPERATION OF ROAD SWITCH DESCRIBED IN DETAIL 

Figure 3, top, shows the assembled pneumatic 
detector. The assembly consists of the road switch 
mounted on the inside of the lid of an ordinary tin 
container. As shown in the figure, the ld is held 
securely in place by a wire clamp that rides in a metallic 
guide fastened to the bottom of the tin container with 
a single brass screw that is also used to hold a spring 
clip. One terminal of the cable connecting the count- 
ing unit to the detector is connected to the spring 
clip, the other terminal of the cable is fastened, by 
means of a solderless connector, to a short length of 
insulated wire brought through a hole provided in the 
lid. Additional insulation is used where the wire goes 
through the lid. A one-fourth-inch iron washer and 
lock-nut are used to mount the road switch on the lid. 
Rubber tubing of the desired length is connected to the 
road switch by means of a one-eighth-inch brass nipple 
and reducer. The rubber tubing is cemented to the 
brass nipple with rubber cement. 

Figure 3, bottom, shows the component parts of 
the road switch, which is a modified automobile 
oil pressure gage. In order to render the road switch 

sufficiently sensitive, a thin rubber diaphragm was 
substituted for the copper diaphragm with which it was 
originally equipped. The cover A is removed from the 
unit by turning off the crimped edge in a lathe. Only 
sufficient metal is cut away to permit the cover to be 
removed. The cover can be made to snap back onto the 
base D by slightly crimping opposite places on the rim 
of the cover A. Frame B, which carries the contacting 
elements, is removed from the base D by opening the 
three small ears. A seven-eighths-inch diameter hole is 
cut in the metallic diaphragm of the base D. The dia- 
phragm C consists of a piece of thin sheet rubber sand- 
wiched between and cemented to two paper disks. 
Diaphragm C is then cemented to base D with a rubber 
cement used for metallic surfaces. The one-eighth-inch 
brass reducer and nipple are marked E and F, respec- 
tively. The contacting elements on frame B were 
originally flexibly mounted with respect to their actu- 
ating elements. It was found necessary to secure them 
rigidly to the actuating elements as shown in figure 4 
in order to eliminate vibration and consequent erro- 
neous counts. 
A wiring diagram of the traffic counter is shown 

in figure 5, the operation being as follows: With 
plug P inserted in the jack J, and battery switch SW 
in the “On” position, vehicles passing over the pneu- 
matic detector cause contacts K, to close momentarily. 
Relay L, is then operated by the battery B closing con- 
tacts K, which in turn operate the counter L, from a 
higher voltage tap on battery B. Upon the closure of 
contacts K», the condenser C, is charged substantially 
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G D 2 F 

Figure 3.—Top, THE ASSEMBLED Roap SwitcH. CxENTER, Roap SwitcH WitTH CaN AND FasTENINGS REMOVED. BortTom, THE 
CoMPONENT Parts OF THE Roap Switcu. 
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FicurE 4.—DeEralI_s OF THE RoaD SwITCcH. 

to battery potential, and its discharge through the coil 
of relay L, upon the opening of contacts K, serves to 
increase the holding time of contacts K, as well as to 
insure operation of relay L, in the event of the very 
brief closures of contacts K. which result from vehicles 
traveling at very high speeds. Condenser C, also 
serves to suppress sparking at contacts K, thus helping 
to increase their life. Condenser C, in conjunction 
with resistor R serves as a spark suppressor for contacts 
Ky. 

The operation of the pneumatic detector is as follows: 
Each pair of wheels of a vehicle in passing over the 
rubber tubing stretched across the highway causes an 
air pressure impulse that moves the rubber diaphragm 
in the road switch which, in turn, actuates the contact- 
ing elements, closing the battery circuit and energizing 
the relay in the counting unit. The end of the rubber 

tubing remote from the diaphragm is left open because 
it has been found that this permits equalization of air 
pressures inside and outside the rubber tubing to be 
quickly established after passage of the wheels over 
the tubing, eliminating erroneous counts resulting from 
air surges, as well as preventing false operation from 
changes in temperature. 

Laboratory tests have shown that the counter will 
respond to impulses spaced 0.072 second apart. This 
speed of operation enables the counter to register both 
axles of a vehicle of 114-inch wheelbase traveling at 
speeds up to 90 miles per hour, or of a vehicle of 154- 
inch wheelbase traveling at speeds up to 122 miles per 
hour. The wheelbase of 114 inches is the average for 
15 of the most popular makes of cars having wheelbases 
of less than 120 inches. The 154-inch wheelbase is the 
maximum for domestic makes of passenger cars. Al- 
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L, =D.C. RELAY, 200 OHM COIL. 
L> =D.C. ELECTROMAGNETIC COUNTER, I,300 OHM COIL. 
C, =CONDENSER, 4 MFD. 450 VOLT D.C. 
Co=CONDENSER, .25MFD. 250 VOLT D.C. 
R =RESISTOR, 500 OHM, | WATT. 
B = B BATTERIES, 90 VOLTS D.C. (4-225V0LT) 
B, =45 VOLT LEAD. B2=674 TO 90 VOLT LEAD. 
Sw= SWITCH, SINGLE POLE, SINGLE THROW. 

J =TELEPHONE JACK. 
P =TELEPHONE PLUG. 
K, =RELAY CONTACTS. 
K2 =ROAD SWITCH CONTACTS 

FigurRE 5.—Wr1riInc D1aGRAM FOR PorTABLE AUTOMATIC 
TRAFFIC COUNTER. 

though the counter, in most instances, will not be called 
upon to register vehicles traveling at such high speeds, 
the rapid response enables the counter to register 
practically all axles of passing vehicles. 

The complete counter, including batteries, pneumatic 
detector, and connecting cable, weighs 16 pounds. The 
counting unit alone weighs 12 pounds. The counter 
was assembled from commercially available parts at a 
net cost of approximately $13 excluding labor. 

TESTS SHOW PORTABLE COUNTER TO BE REMARKABLY ACCURATE 

Once the problem of providing a properly balanced 
circuit for the operation of a counting unit by the road 
switch for a range of vehicle speeds was solved, the 
counter was taken into the field for testing under actual 
operating conditions. The first tests were made on 
paved roads, and the accuracy of the machine counts 
was entirely satisfactory. Table 1 shows the results 
of a typical count made on a paved road. The over- 
all error for the period of the count was —1.7 percent 
or less than the usual error for a photoelectric counter 
operating under the same conditions. 

Table 2 gives the results of a test made to compare 
the accuracy of the portable counter with that of the 
fixed type photoelectric recorder under identical condi- 
tions. The over-all error of the portable machine was 
+0.3 percent, while that of the fixed type was +1.1 
percent. 

As a test of the sensitivity of the device, a tube 50 
feet long was attached to the road switch and was 
installed on a 22-foot roadway so that the switch was 
28 feet from the edge of the pavement. Enough ten- 
sion was applied to the tube to stretch it to 52 feet. 
The results of this test are shown in table 3. The 
over-all error for the period of the count was —1.8 
percent and the nearest wheel of approximately half of 
the vehicles counted was roughly 40 feet from the 
diaphragm. While an accurate check by lanes was 
not made, the machine appeared to count as accurately 
in the far lane as in the near one. 

TABLE 1.—Comparison of machine counts and manual counts of 
axles to check the accuracy of the portable counter 

Axles counted— 

Time (p. m.) ea 

Manually | By machine 

Number Number Percent 
2: 100 100 0 
ae 137 139 +1.5 
as 225 220 —2.2 
ZS 344 338 —1.7 
2: 254 243 —4.3 
ae 281 273 —2.8 
238 306 302 —1.3 
a: 379 374 —1.3 
3: 266 261 —1.9 
3: 126 126 0 
3: 124 122 —1.6 
3: 176 175 —0.6 
be 2, 718 2, 673 —1,7 

TaBLE 2.—Comparison of counts made by both the fixed and 
' portable traffic counters with manual counts of traffic made to 
check their accuracy 

| 
j : ; Photoelectric Manual count Portable counter Pitan 

Tractor- 
Time truck ; Tire litre pee 

cpm) | semi | Tota | Total | Num: ) Sums) per. | Name | Per 
trailers | num- fap ah cent- |_";. ent- 

ber of | axles |vehicles vehicles 
pelt ber ee vehi- | count-| indi- sa count- pct 
andts cles ed cated ed 

vehicles 

2:45-3:05. _- 0 178 89 178 89 0 89 0 
3:05-3:15.-- -- 1 95 47 90 45 —4.3 47 9 
Srlb-3io0Lesee 1 133 66 133 66 0 67 +1 
3:30-3:45_____ 2 166 82 166 83 +1.2 82 0 é 
3:45-4:00_.__- 3 167 82 167 83 -++-1.2 85 +3.7 
2:45-4:00___-- fi 739 366 734 367 +0. 3 370 +1 

1 Assuming each vehicle has 2 axles. 
2 On the basis of vehicles indicated. 

TABLE 3.—Comparison of machine counts and manual counts of 
traffic, made to check the accuracy of the portable counter when 
the air switch was installed 28 feet from the edge of the pavement 

Axles counted— 

Time (p. m.) Error 

Manually | By machine 

Number Number Percent _ 

OOF Oc. ee oe ae eran = Be eee a nese eee 3 0.7 
z line SS Coo eS eee 8 A ee ee 256 253 —1.2 

par 3.00 BSR US Se ieee 449 440 —2,0 
3:00-3: 411 409 —0.5 

Sel 339 330 —2.7 

3:2 246 232 —5.7 

3:3) 381 373 —2.1 

3:4 431 424 —1.6 

3:5 431 423 Sy 
2:25-% 3, 247 3, 189 Ss 

The counter was also tested for accuracy in counting 
vehicles traveling at various speeds, and was found to 
record axles satisfactorily at speeds from 5 to 70 miles 

per hour. No attempt was made to test the equipment 

on the road beyond this range of speed, although labora- 

tory tests indicate that the average car will be recorded 
properly at speeds as high as 90 miles per hour. 

The first manual check made on the pneumatic 

detector and counter installed on a gravel road in the 

same manner as previously used on paved roads showed 

it to be in error by —21.2 percent. General observa- 

tions at first indicated that the inaccuracy resulted 
from the wheels of vehicles passing over the tube at 

points where it was raised above the roadway because 

of an uneven cross section. However, when a test 

vehicle was driven so that the wheels passed over the 
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tube at points where it rested on the surface and then 
over points where the tube was raised above the 
surface, the results showed that the entire error was 
not attributable to this single cause. Although the 
error was less when the test vehicle passed over the 
tube at points where it rested on the road, the error 
was still much greater than had been obtained on paved 
roads. 

Considerable experimenting with different methods 
of installing the tube on roads having different cross 
sections and profiles led to the discovery that, where 
the tube was installed very loosely so that it would 
conform almost exactly to the cross section of the road, 
the accuracy of the counts obtained was satisfactory. 
It was also noted that the longitudinal profile of the 
road appeared to have more to do with the accuracy of 
the count than had the cross section. Counts made 
on roads having uneven longitudinal profiles showed 
larger percentages of error than counts made on roads 
with smooth profiles and very irregular cross sections. 
For example, counts made on a gravel road having a 
fairly well-shaped cross section but with a slight wash- 
board shape along the longitudinal axis showed an error 
of —22.7 percent, whereas counts made on a gravel road 
with a grass-grown strip between the wheel tracks which 
kept the tube 3 or 4 inches above the tracks showed an 
error of —2.8 percent. These results were obtained 
with considerable tension in the tube. With the tube 
installed as recommended, the error was —7.2 and 0 
percent, respectively. The practice since these tests 
has been to install the tube loosely, taking care not to 
install it so loosely that traffic will whip it out of line 
sufficiently to produce extra counts by the wheels on 
one axle passing over the tube at different times. 

The number of vehicles that may be counted with 
one set of batteries is not definitely known, but it 
appears that they can be depended upon to count at 
least 100,000 vehicles when used where the traffic is 
of such volume that the batteries lose their charge 
through use rather than deterioration. In one test, 
the batteries counted approximately 120,000 vehicles 
over a period of 5 weeks before it was necessary to 
replace one of them. 

PORTABLE COUNTER EASILY AND QUICKLY INSTALLED 

Tests of the wearing qualities of tubing installed on 
paved roads indicate that the different commercial tub- 
ings that will operate the counter have a wide range of 
life. The poorest tubing withstood the passage of ap- 
proximately 18,000 vehicles, while from accelerated 
tests it was calculated that the best grade of tubing 
tested would count three or four hundred thousand 
vehicles before wearing out. Thus far, in actual road 
tests the tubes generally have been cut by traffic rather 
than worn out. Under average conditions, a good 
grade of windshield wiper tubing has been found to 
count between one and two hundred thousand vehicles 
before failing. These failures did not result from fric- 
tional wear or the effects of repeated impacts, but rather 
from the tube being cut or pierced by small stones held 
in the tread of tires, or from some other unusual cir- 
cumstance. 

It is desirable to obtain as dependable a tube as pos- 
sible and replace it whenever there is any reason to 
believe it may fail in the near future, because failure of 
the counter to operate for the full period will render the 
count up to the time of failure valueless, thus disrupting 
the counting schedule as well as requiring at least one 
extra trip to the location to obtain the desired informa- 
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tion. This is not the case, of course, should such a 
detector be used with a counter that is supplemented 
with apparatus for periodically recording the counts, 
since the record would reveal the period of satisfactory 
operation and the data for this period would be useful. 

The counter has operated satisfactorily under all of 
the weather conditions to which it has been exposed. 
It is, however, necessary to protect the open end of the 
tube from rain, because the suction resulting from the 
displacement of air by passing vehicles may draw water 
through the entire tube into the road switch and cause 
faulty counting. Water thus sucked through the tube 
has also caused the cement holding the diaphragm to 
fail. This difficulty can be overcome by placing the 
open end of the tube in a can similar to that used for 
housing the road switch. It is necessary to leave a 
small hole in the can so that the effect of having the 
end of the tube open will not be lost. Other means 
could also be readily devised. 

The installation of the pneumatic detector and 
counter is very simple and can be accomplished by one 
man in less than 10 minutes. For best results, the 
most uniform cross section and profile in the section of 
highway for which the count is desired should be 
selected, and the counter placed at a point suitable for 
locking it to a telephone pole, tree, or other fixed object 
to prevent theft of the equipment. It is also advisable 
to select as inconspicuous a place as possible to avoid 
attracting attention and to reduce the possibility of 
tampering. 

The tube is placed across the road, anchored at each 
end, and proper connections are made to the cable con- 
necting the road switch and counter. As no tests have 
as yet been made on the equipment installed on appre- 
clable grades, it is considered advisable to install the 
equipment on fairly level sections of road. 

While this counter and pneumatic detector have 
proved satisfactory under the limited tests to which 
they have been subjected, the counter as now de- 
veloped is not suitable for all types of traffic counting 
work. In fact, the device does not provide for the 
printing of subtotals in any way, and therefore its use 
must be limited to those locations where only the total 
volume for a given period is desired. Moreover, the 
detecting unit, as previously mentioned, was adapted 
from the means successfully used in recording vehicle 
passing movements. In these passing studies, the de- 
tectors were in place only while the studies were in 
progress and, therefore, were constantly attended and 
their operation could be continually checked. Any 
failures in their operation were immediately discovered 
and the detectors repaired or replaced as necessary. 
Although failures were infrequent, and not once during 
the passing studies did a vehicle cut one of the tubes, 
the thin tubes are believed to be particularly vulner- 
able to steel-tired vehicles, which will be found in 
greater proportion on secondary roads than on main 
highways. 

USE OF OTHER TYPES OF DETECTOR BEING CONSIDERED 

Consideration has been given to the substitution of 
a different type of detector even though such a change 
would require modifications in the electrical constants 
of the counting circuit. Another type of detector, em- 
ployed by the Bureau in studies of the lateral place- 
ment of vehicles on the pavement, has been considered 
as a substitute for the pneumatic detector, although its 
construction is more expensive. This detector is a so- 
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called positive-contact type in which steel strips, 
placed at the top and bottom of a rubber arch, are held 
apart by the resiliency of the rubber. The rubber 
arch is encased in a rubber housing for protection from 
the weather. As the wheels of the passing vehicles 
depress the arch and bring the steel strips into contact 
with one another, an electrical circuit is closed and, in 
turn, a counter is actuated. 

Although this detector might not be any more du- 
rable than a rubber tube, its construction makes it less 
susceptible to failure resulting from cutting or abrasion. 
Even though a vehicle should cut through the rubber 
housing, it is unlikely that the steel strips would be 
harmed. Although a cut or fracture might permit the 
entrance of water which eventually would short-circuit 
the detector, it is probable that the trouble would be 
discovered in the course of regular inspections before 
the apparatus ceased to function. The rubber tube, 
on the other hand, would fail to function immediately 
on being cut or punctured. 

Periodic recording type counter.—While the develop- 
ment work completed thus far has included only the 
simple accumulating type of counter, other agencies 
have been working on the design and construction of 
portable counters and have concentrated on the de- 
velopment of devices of the periodic recording type. 
One of these counters has been tested by the Bureau of 
Public Roads and at one location was found to have an 
error of —0.8 percent in counting 858 vehicles. The 
detector used for this machine consists of two strips 
of spring steel enclosed in a rubber casing. These strips 
are forced together by the wheels of passing vehicles, 
thus closing the electrical circuit operating the counter. 
The machine is timed by an 8-day spring clock which 
advances the record tape and closes electrical contacts, 
causing the machine to print the cumulative counter 
reading on the tape once each hour. 

The Texas State Highway Department has developed 
a portable periodic recording counter in which the de- 
tecting is accomplished by photoelectric means. Since 
power is derived from batteries, the counter is readily 
portable. To provide for recording the counts, a cheap 
miniature camera using 35 mm film has been employed. 
An 8-day clock, suitably geared to the winding spool, 
moves the film ahead slowly, and by closing an electric 
circuit each hour, lights a small bulb thus photograph- 
ing the counter at regular intervals for periods up to a 
week.! 

The Bureau has also been experimenting with photo- 
graphic means of recording the counts as obtained by 
the simple accumulating counter just described. The 
apparatus used also appears to offer good possibilities 
of recording the counter readings cheaply and accu- 
rately. It is believed that periodic recording counters, 
particularly when used in conjunction with a number 
of counters of the simple accumulating type, would be 
quite valuable in the continuing planning surveys for 
determining the general trends of traffic flow, and for 
further study of traffic patterns, particularly on the 
more lightly traveled roads. 

At this early stage in the development and use of 
automatic traffic counters, it is felt that present knowl- 
edge is insufficient to justify a definite statement of 
the requirements in the field of portable automatic 
traffic counters. It is, however, generally agreed that 

1 The November 1938 issue of Roads and Streets carries a description of this ma- 
chine. The Texas State-wide Highway Planning Survey has also published a 
pamphlet describing the machine in detail. 

there is a need for both the periodic recording and sim- 
ple accumulating types of machines. Past experience 
indicates that the following characteristics are essential 
to a satisfactory periodic recording type counter pro- 
vided, of course, that they all are obtainable without 
prohibitive initial cost or equipment too delicate for 
dependable field operation: 
¢ 1. Continuous operation for 8 days without atten- 
ion. 

2. Reliable timing with error no greater than 5 
minutes in 24 hours. 

3. Accurate counting on both paved and unpaved 
roads. 

4. Recording of the cumulative traffic total once 
each hour on the hour. 

5. Installation to be accomplished by one man in 
about 15 minutes. 

PRACTICABILITY OF USING SIMPLE ACCUMULATING MACHINES 
DISCUSSED 

With periodic recording machines meeting these re- 
quirements operating at key locations a number of 
simple accumulating counters could be placed at se- 
lected locations in the area under study, noting the time 
and counter reading when each machine was placed in 
operation and the time and reading after the desired 
counting period. These short counts could be expanded 
by comparison with the continuous hourly records ob- 
tained by the periodic recording machines. This 

| method of expanding short counts, in addition to beg 
much easier than methods previously used, would give 
more reliable results. The machines might be moved 
every day, and they could be used to obtain week-end 
counts at more important stations. Another plan 
would be to assign one man to operate three groups of 
-machines so that he could move each group after a 
week’s record had been obtained. Under this schedule 
he would remove machines in a single group one day 
and reinstall them at new locations the next day. 

For purposes of determining the hourly fluctuations 
in traffic volume, the simple accumulating type of ma- 
chine is, of course, not practicable. However, the daily 
traffic patterns can be determined with these machines 
if the accumulated totals on the counters are read at 
24-hour intervals. Under certain circumstances such 
a procedure would be entirely practicable, but if it 
becomes necessary in conducting any series of counts 
to locate the machines at some distance from one 
another, it may be difficult to arrange an observer’s 
schedule so that he can read each counter within a 
few minutes of the specified time each day. All these 
difficulties are, of course, eliminated with the use of 
the periodic recording counter since hourly readings of 
the counter will be recorded from the time the counting 
unit is installed. But if only the total volume figures 
for relatively long periods, such as a full week, are 
required, the simple accumulating counter would be 
quite satisfactory. 

The most appropriate type of machine to use for a 
particular purpose depends on the type of information 
required and on the relative cost of the different types 
of machines under the particular circumstances 1n- 
volved. Although the periodic recording type of ma- 
chine may have a considerably higher initial cost and 
‘perhaps even a higher operating cost, these items may 
be more than offset by the expense involved in reading 
the simple accumulating counters at the required inter- 
vals. Only by experience in the field with the two 
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types and thorough tests to determine the length of life 
over which each may be expected to operate effectively 
can reasonable unit cost be determined. Preliminary 
estimates, using assumed unit costs, indicate that to 
meet the most probable requirements of the continuing 
phases of the highway planning surveys, the periodic 
recording type machine may be cheaper to operate even 
at a considerable differential in original cost over that 
of the simple accumulating counter. The factor of 
mileage traveled in the use of the two types will prob- 
ably be the most significant factor in the total cost of 
operation and, therefore, it is likely that the relative 
economies will differ in the various States with the 
wide differences in average distance between station 
locations which local conditions will require. 

MODIFICATIONS OF SIMPLE ACCUMULATING TYPE COUNTER 

SUGGESTED 

Modified simple accumulating type counter.—Thus far, 
consideration has been given to but two types of 
counters and to their relative merits for use in the con- 
tinuation of the highway planning surveys. However, 
the estimated high initial cost of an hourly recording 
counter has led to the consideration of special-purpose 
machines of simpler design. Preliminary work already 
begun on these counters indicates that they may be, 
under many circumstances, more efficient than either of 
the other types. An intermediate type between the 
periodic recording and the simple accumulating types 
is a counter that may be started and stopped at pre- 
determined times. A device to obtain this type of 
count can readily be attached to the simple accumu- 
lating counter by inserting, in the detector circuit, a 
clock mechanism wired to make and break the circuit. 

The Bureau is now investigating available devices, 
to determine whether any will satisfactorily fulfill this 
purpose, and is considering experimenting in the 
development of such a device inits own shop. With an 
attachment of this sort, it would be possible to install a 
counter, for example, in the afternoon, have the count 
begin at midnight, and continue for a given number of 
hours or days depending upon the design of the mecha- 
nism and the requirements of the count. Such an 
attachment should be reasonable in price and so designed 
that it can be employed, if desired, with any simple 
accumulating counter. By designing the counters and 
the time-control mechanisms as independent units, the 
use of several counters with a smaller number of timing 
devices would permit the adoption of extremely flexible 
counting schedules, and reduce to a minimum the cost 
of travel and labor in collecting large amounts of 
usable data. 

The simple accumulating type of portable counter 
could be modified by the use in a single counter of not 
one but several of the electromagnetic counting devices. 
By attaching the time-control mechanism, modified 
somewhat in its operation, to this counting unit the 
volumes for successive periods would be registered on 
successive counters. Instead of stopping the count 
after 24 hours, the time-control device would simply 
shift the circuit from one counting device to the next, 
and so on, until the cycle was completed. Use of eight 
counting devices in one counter would be advantageous 
in that an 8-day spring-clock mechanism could be em- 
ployed in conjunction with them to provide an effective 
complete unit. 

At least two variations in the use of this 8-bank 
counter and time-control combination are possible. 

First, the time interval may be varied by certain 
modifications of the timing mechanism circuits to 
permit the accumulation of volumes during periods 
other than of 24 hours. Twelve-hour or 6-hour periods 
can be readily obtained in this way, and by a somewhat 
greater modification of the device, 1-hour periods might 
also be separately registered. Eight counters would 
thus permit records by 12-hour periods for 4 days, by 
6-hour periods for 2 days, or 1-hour periods for 8 hours 
(the present generally used counting period for manual 
counts). 

The second modification of this combination would 
permit the accumulating, on individual counting 
devices, of the total volume during corresponding 
periods on successive days. In this manner, the volume 
count would be accumulated for the desired periods for 
any number of days up to 8, assuming an 8-day spring 
clock is used. Such volume figures have not been 
generally utilized, but their value for control purposes is 
obvious. 

With all the counters thus far described, it has been 
possible to count or to record only the total traffic using 
the roadway. Furthermore, these machines, as well as 
the photoelectric type now in general use, are poorly 
adapted to counting traffic on roads greater than two 
lanesin width. Although, with the pneumatic detector, 
vehicles in two lanes moving in the same direction have 
been counted with reasonable accuracy in light traffic, 
there is reason to believe that considerable error may 
be introduced by vehicles crossing the tube simul- 
taneously under heavy traffic conditions on multilane 
roads. 

This source of error may be eliminated by utilizing 
the positive-contact detector previously mentioned. 
For this purpose, however, but one of the steel strips 
would be continuous over the entire length of the 
detector. The other would be broken into sections and 
leads from each section taken to an individual counter, 
using one section and, correspondingly, one counter for 
each lane of traffic. A combination of this type, 
therefore, suggests a further use for a counting unit 
containing a bank of counters. 

Although lane counts have not generally been made 
in conjunction with the highway planning surveys, it is 
considered desirable, particularly in the determination 
of proper widths of multilane highways, to have an 
accurate knowledge of the direction of traffic flow as 
well as of its total volume. This detecting and count- 
ing unit would also be ideally adapted to city traffic 
survey work where directional flow and the volume per 
lane are essential in the design of traffic control methods 
and in general traffic regulation. 

The need for portable automatic traffic counters has 
long been felt, not only by State and Federal highway 
officials, but also by city traffic officials and by various 
commercial agencies to whom a knowledge of traffic 
volume is essential. In practically all instances the 
demand has been evidenced by attempts to design 
equipment capable of performing the types of traflic 
counts now generally conducted by manual methods. 
However, a factor which should always be kept in mind 
in considering the design of traffic counters is that it is 
entirely possible that many types of counts, previously 
impossible or impractical by manual methods, may be 
quite readily accomplished by properly designed 
automatic counters. It is, therefore, essential in the 
design of counting mechanisms that the instrument 
designer work in close coordination with the traffic 
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engineer in order that equipment developed will possess 
the greatest possible flexibility. Similarly, the traffic 
engineer is remiss if, in his design of counting schedules, 
he fails to avail himself of the possible advantages of 
flexibly designed automatic devices. 

In describing the development work to date, it is 
desired only to present a progress report and to make 
suggestions that may assist in continuing development 
work to provide devices most suitable to their individual 
requirements. 

(Continued from page 212) 

It is only by analysis of the normal driving practices, 
as they are recorded for a wide variety of driving condi- 
tions, that it will be possible to determine whether the 
problem is one presented by the average driver, or 
whether present highway design practices are creating 
entirely unnecessary problems, either impossible or ex- 
tremely difficult.of solution. It is this phase of the 
problem to which the greatest attention must be di- 
rected. Determination of the distances involved in 
passing maneuvers is a simple, even though laborious, 
matter. The determination of the effect of highway 
alinement and of driver psychology upon future design 

‘ requirements is a matter requiring far more comprehen- 
sive research. 

Although this report has been devoted to the methods 
employed in the analysis of passing practices, it will be 
evident that the data collected in these field studies 

will permit of a variety of analyses quite distinct from 
this one, rather narrow, use. The advantage of this 
procedure, particularly with respect to the field work, 
is that the actual occurrences on the entire section under 
observation have been recorded completely and con- 
tinuously throughout the study periods in a permanent 
and easily interpreted form. Further analysis can be 
conducted simply by referring to the original field 
charts, or to the transcribed records. 

BIBLIOGRAPHY ON HIGHWAY FINANCE NOW 
AVAILABLE 

A biblography on highway finance has recently been 
prepared by the Bureau of Public Roads of the United 
States Department of Agriculture and mimeographed 
copies are now available for free distribution. 

The bibliography is selective in character and includes 
references to books, articles printed in technical and 
other periodicals, and publications of societies. It 
covers chiefly the period from 1928 to date, but in- 
cludes references to earlier material published by the 
Bureau of Public Roads. 

Librarians, students, and research workers will find 
the bibliography a valuable aid in locating published 
material on highway finance. 

Single copies of the bibliography can be obtained, 
without charge, from the Bureau of Public Roads, 
United States Department of Agriculture, Wash- 
ington, D. C. 
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PUBLICATIONS of the BUREAU OF PUBLIC ROADS 

Any of the following publications may be purchased from 

the Superintendent of Documents, Government Printing Office, 

Washington, D. C. As his office is not connected with the 

Department and as the Department does not sell publications, 

please send no remittance to the United States Department of 

Agriculture. 

ANNUAL REPORTS 

Report of the Chief of the Bureau of Public Roads, 1931. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1933. 
5 cents. 

Report of the Chief of the Bureau of Public Roads, 1934. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1935. 
5 cents. 

Report of the Chief of the Bureau of Public Roads, 1936. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1937. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1938. 
10 cents. 

HOUSE DOCUMENT NO. 462 

Part |... Nonuniformity of State Motor-Vehicle Traffic 
Laws. 15 cents. 

Part 2... Skilled Investigation at the Scene of the Acci- 
dent Needed to Develop Causes. 10 cents. 

Part 3... Inadequacy of State Motor-Vehicle Accident 
Reporting. 10 cents. 

Part 4... Official Inspection of Vehicles. 10 cents. 

Part 5...Case Histories of Fatal Highway Accidents. 
10 cents. 

Part 6... The Accident-Prone Driver. 10 cents. 

MISCELLANEOUS PUBLICATIONS 

No. 76MP..The Results of Physical Tests of Road-Building 
Rock. 10 cents. 

No. 191MP . . Roadside Improvement. 10 cents. 

No. 272MP . . Construction of Private Driveways. 10 cents. 

No. 279MP . . Bibliography on Highway Lighting. 5 cents. 

Highway Accidents. 10 cents. 

The Taxation of Motor Vehicles in 1932. 35 cents. 

Guides to Traffic Safety. 

Federal Legislation and Rules and Regulations Relating to 
Highway Construction. 15 cents. 

10 cents. 

An Economic and Statistical Analysis of Highway-Construction 
Expenditures. 15 cents. 

Highway Bond Calculations. 10 cents. 

DEPARTMENT BULLETINS 

No. 1279D. .Rural Highway Mileage, Income, and Expendi- 
tures, 1921 and 1922. 15 cents. 

No. 1486D. . Highway Bridge Location. 15 cents. 

TECHNICAL BULLETINS 

No. 55T...Highway Bridge Surveys. 20 cents. 

No. 265T...Electrical Equipment on Movable Bridges. 
35 cents. 

Single copies of the following publications may be obtained 
from the Bureau of Public Roads upon request. They cannot 
be purchased from the Superintendent of Documents. 

MISCELLANEOUS PUBLICATIONS 

No. 296MP.. . . Bibliography on Highway Safety. 

SEPARATE REPRINT FROM THE YEARBOOK 

No. 1036Y..Road Work on Farm Outlets Needs Skill and 
Right Equipment. 

TRANSPORTATION SURVEY REPORTS 
Report of a Survey of Transportation on the State Highway 

System of Ohio (1927). 

Report of a Survey of Transportation on the State Highways 
of Vermont (1927). 

Report of a Survey of Transportation on the State Highways 
of New Hampshire (1927). 

Report of a Plan of Highway Improvement in the Regional 
Area of Cleveland, Ohio (1928). 

Report of a Survey of Transportation on the State Highways 
of Pennsylvania (1928). 

Report of a Survey of Traffic on the Federal-Aid Highway 
Systems of Eleven Western States (1930). 

UNIFORM VEHICLE CODE 

Act J.—Uniform Motor Vehicle Administration, Registra- 
tion, Certificate of Title, and Antitheft Act. 

Act II.—Uniform Motor Vehicle Operators’ and Chauffeurs’ 
License Act. 

Act III].—Uniform Motor Vehicle Civil Liability Act. 

Act I1V.—Uniform Motor Vehicle Safety Responsibility Act. 

Act V.—Uniform Act Regulating Traffic on Highways. 

Model Traffic Ordinances. 

A complete list of the publications of the Bureau of Public 
Roads, classified according to subject and including the more 
important articles in Pustic Roaps, may be obtained upon 
request addressed to the U. S. Bureau of Public Roads, Willard 
Building, Washington, D. C. 
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